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Helicity is not relativistically invariant (for massive particles)

Lorentz boost



Active Neutrinos
Weak Interaction Eigenstates

Mass Eigenstates
Solutions to the Dirac equation

Maki-Nakagawa-Sakata matrix
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• No weak,
strong, or
electromagnetic
interactions?
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Sterile Neutrinos

Because of oscillations with active states, “sterile”
neutrinos aren’t actually sterile.

Weak interaction strength

Sterile neutrino interaction strength
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Sterile Neutrino Dark Matter

Initial lepton numbers:

Le0 = Lµ0 = L 0 = 1.1 x 10-3

Sterile neutrino parameters:

ms = 64 keV sin2 2  = 10-10



Neutrino Oscillations



Matter-Enhanced Neutrino Oscillations



Matter-Enhanced Neutrino Oscillations



Decoherent Sterile Neutrino Production

Mean Free Path Horizon Size

For                   , the mean free path of neutrinos in the
early universe is short compared to the size of the
universe.  As a result, scattering dominates the
quantum dynamics of the neutrinos.



Decoherent Sterile Neutrino Production



Decoherent Sterile Neutrino Production

Quantum Zeno Effect
      “a watched pot never boils”



Sterile Neutrino Dark Matter

Sterile neutrino parameters:

ms = 64 keV sin2 2  = 10-10

Initial lepton numbers:

Le0 = Lµ0 = L 0 = 1.1 x 10-3



Sterile Neutrino Dark Matter
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Sterile Neutrino Dark Matter

ms = 64 keV, sin2 2  = 10-10, Le0 = 1.1 x 10-3



Sterile Neutrino Dark Matter
As a dark matter candidate, sterile neutrinos aren’t as dark as they ought
to be.



Chandra X-Ray Observatory



Sterile Neutrino Dark Matter:
      Astrophysical Constraints

X-ray constraints:
background and clusters

Constraints on sterile neutrino mass and mixing angle with active neutrinos.



Sterile Neutrino Dark Matter:
      Astrophysical Constraints

Constraints on sterile neutrino mass and mixing angle with active neutrinos.

ms = 12 kev, sin2 2  = 10-10.5

Le0 = 4.8 x 10-3
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